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© Monolithic ceramic capacitor. 



© A monolithic ceramic capacitor which comprises a laminate (4) composed of a plurality of dielectric ceramic 
layers (1) and internal electrode layers (2) provided between said dielectric ceramic layers, and external 
electrodes (3) provided at both ends of said laminate and electrically connected to said internal electrode layers 
(2), said dielectric ceramic layers (1) being a dielectric ceramic containing lead oxide and a reduction inhibitor, 
*"*and said internal electrode layers (2) being copper or a copper alloy* 
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copper alloy. 

Further, by using copper or a copper alloy to which glass frit is added, or copper or a copper alloy to 
which the above dielectric ceramic powder and/or reduction inhibitor are added as the interna! electrode, a 
monolithic ceramic capacitor having improved defamination resistance can be obtained. 



DETAILED DESCRIPTION OF THE INVENTION 



io The dielectric ceramic powder used in the present invention is not limited to a specific one and a known 
dielectric ceramic containing lead oxide can be used- For example, there can be used a known dielectric 
ceramic containing lead oxide having the composition represented by the general formula: 
aPb(Mg 1y 3Nb2/3)03-bPb(2n 1/3 Nb 2 /3)03-cPbTi03 

wherein a, b and c are constants, respectively. Usually, such a dielectric ceramic powder is obtained by 
is wet-mixing predetermined amounts of PbsO*, MgC0 3l Nb20s, Ti0 2 and ZnO In a ball miff, evaporating and 
drying the mixture to give a powder mixture, sintering the powder mixture, grinding and sieving the sintered 
mixture. 

The reduction inhibitor in the present invention is, for example, a material having the composition 
represented by the general formuia; 
20 d(Mn02 + RO) + (1 -d){B 2 0 3 + Si02) or 
e(ZnO + RO) + (1 - e)(B 2 0 3 + Si0 2 ) 

wherein RO is at least one component selected from the group consisting of MgO, CaO, SrO and BaO, and 
d and e are constants, respectively. Usually, the reduction inhibitor is obtained by wet-mixing and grinding 
predetermined amounts of the oxide, carbonate or hydroxide of the respective components in a ball mill, 

25 evaporating and drying the mixture to give a powder mixture, retaining the powder mixture in an alumina 
crucible, quenching the mixture to vitrify it and grinding and sieving the mixture. However, the present 
invention is not limited to the above composition. 

The amount of the reduction inhibitor to be added is not specifically limited but, usually, it is 0.05 to 50 
% by weight based on the total amount of the dielectric ceramic powder. 

30 The laminate of the present invention is obtained by admixing a desired amount of the reduction 
inhibitor and the dielectric ceramic powder, adding thereto a binder such as polyvinyl butyral binder and an 
organic solvent such as ethanol, wet-mixing the mixture in a ball mill, molding the mixture according to a 
known method such as doctor blade method, drying the molded material to give a ceramic green sheet 
having a suitable size and applying a metal paste as the internal electrode on the sheet according to a 

35 known method such as printing, laminating several sheets thus obtained and sintering the sheet. 

The main component of the internal electrode of the present invention is copper or a copper ailoy such 
as platinum-copper or palladium-copper. There can be also used copper or a copper alloy containing glass 
frit such as lead borosilicate or bismuth borosillcate, or copper or a copper ailoy containing the above 
dielectric ceramic powder and/or reduction inhibitor. The amount of these additives is not limited to a 

40 specific one so far as they do not adversely affect the properties of the laminated ceramic condenser. 
Usually, glass frit can be added 0.5 to 30 % by weight based on the total weight of the internal electrode. 
The dielectric ceramic powder and the reduction inhibitor can be added 0.05 to 40 % by weight and 0.01 to 
30 % by weight based on the total weight of the internal electrode. 

As the external electrode of the present invention, there can be used copper or the copper alloy as 

45 described above, or copper or the copper ailoy wherein the glass frit, dielectric powder and/or reduction 
inhibitor is added as described above. Or, silver or silver-palladium alloy or the like can be used. The 
external electrode can be suitably selected according to applications and purposes of the monolithic 
capacitor. 

Hereinafter, the preferred embodiments of the present invention are explained in detail with reference to 
50 the accompanying drawings. 

Figs. 1a» 1b and 1c are schematic cross sections illustrating embodiments of the monolithic ceramic 
capacitor of the present invention, respectively. 

The typical structure of the capacitor of the present invention is a laminate structure as illustrated in Fig. 
1a. For exampie, the capacitor is produced as follows. Firstly, a metal paste for an internal electrode 2 is 
55 printed on a green sheet dielectric ceramic 1 by means of a known screen printing method. Then, several 
printed sheet are laminated and heat bonded to give an unsintered laminate. Then, the resulting unsintered 
laminate 4 is sintered. When the laminate of the present invention composed of the green sheet as the 
dielectric ceramic containing lead oxide and the metal paste as the internal electrode of copper is sintered, 

3 
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aPb(Mg t/3 Nb2/3}03 - bPb(Zn 1/3 Nb 2 /3)0 3 - cPbTIOs 

wherein a, b and c are constants, respectively, and containing the respective components in the proportion 
as shown in Table 2, predetermined amounts of PbaO*, MgCOs, Nb20s, Ti02 and ZnO'are wet-mixed for 
16 hours in a ball mill and evaporated and dried to give a powder mixture. Then, the powder mixture is 

5 sintered at 680 to 730* C for 2 hours in a zirconia box, and granulated so that the resulting powder could be 
passed through 200 mesh screen. 

To the dielectric ceramic powder thus prepared is added the above vitrified reduction inhibitor in the 
proportion as shown in Tables 1 and 2 and polyvinyl butyral binder and ethanol are added thereto. Then, 
the mixture is wet-mixed for 16 hours in a ball mill to give a powder mixture. 

jo tn Table 1, examples of the present invention (Sample Nos, 1 to 12) are those wherein the respective 
reduction inhibitors containing the components in various proportions are added to one kind of the dielectric 
powder having the composition [80Pb(Mg 1 / 3 Nb 2 /3)O3-15Pb{Zn 1 / 3 Nb2/3)O3-5PbTiOa) (moI%)]. The examples 
of the present invention in Table 2 (Sample Nos. 1 to 15) are those wherein one kind of the reduction 
inhibitor having the composition [(5Li 2 0 + 15BaO + 15CaO + 10SrO + 5MgO + 20S 2 O3 + 30SiO2) 

15 (mol%)] is added to the respective dielectric ceramic powders containing the components in various 
proportions. 

The above-obtained powder mixture is molded in sheet according to doctor blade method, dried and 
then cut in a suitable size to give a sheet of the dielectric ceramic. A copper paste is printed on the one 
side of the resulting sheet according to screen printing method to form an internal electrode and the 
20 resulting sheet is laminated as shown in Fig, 1 and heat bonded to give a laminate. The unsintered laminate 
thus obtained is sintered in a reducing atmosphere of a mixed gas of N2, and H2O at 730* C to 1050' C 
for 2 hours. After sintering, silver paste is applied on both ends of the faminate and baked in nitrogen 
atmosphere at 800 *C to form external electrodes electrically connected with the internal electrodes to 
obtain the monolithic ceramic capacitor. The size of the capacitor is as follows. 

25 

Size of capacitor 

External size: 
30 Width: 4,8 mm 
Length: 5.6 mm 
Thickness: 1 .2 mm 

Thickness of effective dielectric layer: 32 ixm 
Number of dielectric layer: 17 
35 Thickness of internal electrode: 3 urn 
Area of interna* electrode: 21 .5 mm 2 
Thickness of external electrode : 60 urn 

The resulting capacitor is dipped in a fuchsin solution to examine a degree of sintering and the 
optimum sintering temperature is determined, 
40 Regarding a sample of the resulting monolithic ceramic capacitor, the dielectric constant ) and the 
dielectric loss (tan B ) under conditions of 25 * C, 1 KHz and 1 V.r.m.s., and temperature characteristics of 
the dielectric constant at the range between -25 *C to + 85°C with taking + 20*C as the reference 
temperature are measured. The results are shown in Tables 1 and 2. 

The symbols B, C, D t E and F herein used with respect to temperature characteristics mean the 
46 characteristics specified by JIS (Japanese Industrial Standard). The characteristics are as follows. 

B characteristics: The rate of capacitance change at the range between -25 'C and + 85*C with 
taking the capacitance at +20° C as the reference does not exceed the range of -10 to +10%. 

C characteristics: The rate of capacitance change at the range between -25 *C and +85*0 with 
taking the capacitance at +20* C does not exceed the range of -20 to +20%. 
50 D characteristics: The rate of capacitance change at the range between -25 "C and +85* C with 

taking the capacitance at +20* G does not exceed the range of -30 to + 20%. 

E characteristics: The rate of capacitance change at the range between -25 *C and + 85*C with 
taking trie capacitance at +20* C does not exceed the range of -55 to +20%. 

F characteristics: The rate of capacitance change at the range between -25 *C and +85* C with 
55 taking the capacitance at +20* C does not exceed the range of -80 to +30%. 



Comparative Example 1_ 
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5 5 Example 2 



According to the same manner as described in Example 1 t monolithic ceramic capacitors (Sample Nos. 
to 12 in Table 3 and Sample Nos. 1 to 12 in Table 4) are produced except that the reduction inhibitor 
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5BaO + 15CaO + 10SrO + SMgO + 2OB2O3 + 30SiO2 (mol%) is added to the dielectric ceramic powder 

having the composition represented by the genera! formula; 

dPbfMgi/aWa/aJOg-ePbTiOa 

wherein d and e are constants, respectively, and containing the components in the proportion as shown in 
5 Table 5. The electrical characteristics are shown in Table 5 



Comparative Example 3 

w According to the same manner as described in Example 3, monolithic ceramic capacitors (Sample Nos, 
16 to 20 rn Table 5) are produced except that any reducing inhibitor Is not added. The electrical 
characteristics are shown in Table 5. 
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d and e are constants, respectively. 
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